Introduction
Soil erosion is a major environmental problem in developing countries like India, where agriculture is the main economic activity for the people. Soil erosion has been increasing since the beginning of the 20th century [1] and becomes most serious form of land degradation in the global perspective [2] . More than 56% of land degradation is caused by water erosion, raising a global concern on land productivity [3] . It has been estimated that each year 75 billion tons of soil is removed due to erosion largely from agricultural land and about 20 million ha of land is already lost [4] . Thus, soil erosion is being considered as one of the most critical environmental hazards of modern times [5] Soil erosion has both on-site and off-site detrimental impacts. On-site impact includes a decrease of effective root depth, nutrient and water imbalance in the root zone and subsequent decrease in soil quality that leads to reduction in agricultural production [6] . Removal of significant amount of plant enriched top soil due to soil erosion results in lowering of soil fertility through the losses of nutrients and organic matter leading to significant decline of crop yield [7, 8] . These eroded materials are carried down to the lower reaches of the rivers which in turn make rivers incompatible to carry excess amount of water and sediment load during monsoon period. Soil erosion from agricultural or highly degraded forest areas is typically higher than that from uncultivated areas and cultivated areas can act as a pathway for transporting nutrients, especially phosphorus attached to sediment particles of river systems [9] . Dhruvanarayana & Rambabu [10] have estimated that about 5,334 million tons (16.4 t
) of soil is detached annually in India out of which about 29% is carried away by river into the sea and 10% is deposited in reservoirs resulting in the considerable loss of the storage capacity. Low productivity has been recognized as a major result of soil degradation through soil erosion as well as the changes in important climate and ecosystem components [11] . So, it is important to protect soils from erosion for sustain human life [12] .
Inappropriate land utilization, unscientific cutting of hill side slopes, urbanization, agricultural expansion and decrease of vegetation cover at an alarming rate in hilly areas have led to the establishment of such vicious cycle of erosion in Dhalai river basin, Tripura. In every monsoon, the river Dhalai carries tremendous amount sediment and causes filled up of river channel and conesquently, flood in some parts of the basin. This problem indicates there is a need for assessment of soil erosion and its control in the Dhalai river basin.
Various approaches and equations for assessment of soil erosion by water are available in international literature. The Universal Soil Loss Equation (USLE) [13, 14] is extensively used for estimating the rate of soil erosion. Basically, USLE predicts the long-term average annual rate of erosion on a field slope based on rainfall pattern, soil type, topography, crop system, and management practices (soil erosion factors).Various modifications were made on USLE to predict soil erosion more effectively under different conditions. Most widely known outcomes of these modifications are MUSLE [15] and RUSLE [16, 17] . The others empirical and process (physically) based models used in different parts of the World include CREAMS, Chemicals, Runoff and Erosion from Agricultural Management Systems ( [18] ); WEPP, Water Erosion Prediction Project [19] ; EU-ROSEM, European Soil Erosion Model [20] ; EROSION-3D [21] and many others.
Estimation of soil erosion and its spatial distribution using RS and GIS techniques were performed with reasonable costs and better accuracy in larger areas to face up to land degradation and environmental deterioration [6, 22, 23] . USLE methods with GIS integration provided significantly better results than using traditional methods [6, 24] and provide a first-order method for prioritizing areas that to be examined [25] . Martin et al. [26] used GIS/USLE model to estimate sheet erosion from a watershed and Ozcan et al. [27] used GIS/USLE model with geo-statistics techniques to assess soil erosion from different land-use categories. Likewise, Erdogan et al. [28] calculated the rate of soil erosion form agricultural watershed from semiarid region. GIS provides an in-depth analysis of individual factors such as soil type, slope and land use, all of which contribute to soil erosion [29, 30] . For the past 15 years, more comprehensive research on soil erosion by water at national, regional and watershed level [4, 31, 32] have been performed on the basis of physically and empirically based models for better understanding of the process and contributing factors [33] . Some researchers have focused to identify major erosion prone areas at watershed scale [34, 35] to catchment scale on priority basis [36, 37] . Recent studies [4, [38] [39] [40] [41] [42] revealed that RS and GIS techniques are of great use in characterization and prioritization of watershed areas.
The objective of the present study is to assess the amount of soil loss at sub-watershed scale based on USLE method with the help of RS (remote sensing) and GIS (Geographical Information System) techniques and to prepare potential and predicted soil erosion maps of the Dhalai river basin (678.136 km 2 ), Tripura.
Regional Setting of the Study Area
Originated from the Longtarai hill range, the river Dhalai is flowing towards north through the two parallel structural hill ranges of Atharamura and Longtarai and entered into Bangladesh near Kamalpur. The whole river basin in Indian part is located within the district of Dhalai, Tripura having an area of 678.136 km 2 and 23 subwatersheds. Most of the rivers have formed dendritic drainage pattern, which indicates that they are flowing through a youthful stage. Altitude of the basin ranges between 16 m to 498 m (Figure 1) . Different types of landforms like structural hills, denudation hill, inter-hill valley, undulating plains with low mouds and flood plains are found in the study area. The whole basin is mainly composed of weathered sandstone, shale, silt stone and alluvium.
Climate of the whole basin is characterized by tropical monsoon type. The rain bearing Monsoon wind enters Tripura in the middle of May and continues up to the end of September. Storms and thunder showers are common during pre monsoon season. Average annual rainfall is very high (2150 mm) in the study area and 70% of total annual rainfall occurs during the monsoon season (between April to September). The average maximum annual temperature is 35˚C and minimum annual temperature is 10.50˚C. The hottest months of the year are July and August. November, December and January are the winter months. Texture of the soils ranges between sandy clay loamy to sandy-loamy and about 63.95% of the total study area is under dense to moderately dense forest cover. Till now there is no permanent research station for estimating soil loss in Dhalai river basin. Conventional methods of soil loss estimation are time-consuming, costly and biased especially for the hilly terrains of Tripura. Therefore, the modified form of Universal Soil Loss Equation (USLE) [14] has been adapted for estimating average soil loss in different sub-watersheds of the Dhaai River basin. l The assessment of soil erosion at watershed level can be exercised in two ways-calculation of the potential soil loss (EP) (Equation (2)) and calculation of actual average annual soil loss (EA) (Equation (3)). Equations (2) and (3) indicates the method of estimating potential and actual soil loss: Although the USLE model was developed for agricultural areas with slopes from 3% to 18%, it still widely applied in many countries, including India, for local scale studies and it is the most widely used model to estimate soil loss from watersheds [43] . Its successful use with or without modification in hilly and mountain regions was reported [23, 25, 38, 44, 45] . A set of experiments have been done to adopt this model in different geographical conditions in India, [42, 46, 47] . As this model is developed for erosion assessment at local scale, some modifications are necessary, to be applied at regional scale, because of lower information content of available data.
Materials and Methods
Generally, the USLE model defines annual soil loss (A) (t·h
) as a product of six main factors: rainfall erosivity (R factor), soil erodibility (K factor), slope length (L factor), slope angle (S factor), land cover (C factor) and conservation practice (P factor). It is expressed by empirically derived Equation (1):
(3) 
Data Layers

Rain Erosivity (R) Factor
Soil erosion is closely related to rainfall through the combined effect of detachment by raindrops striking the soil surface and by the runoff [48] . According to USLE method, soil loss from the cultivated field is directly proportional to a rain storm parameter, if other factors remain constant. Rain-erosivity (R) is calculated as a product of storm kinetic energy (E) and the maximum 30 minutes rain fall intensity. This relationship [14] helps to quantify the impact of rain drop over a piece of land and the rate of runoff associated with the rain. But till now that kind of detailed meteorological data is not available for all the stations in the study area. Therefore, Equations (4) and (5) has been used for estimating annual and seasonal R factors [49] in Indian context.
where, R a is the annual R factor, R s is the seasonal R factor and P is the Rainfall in mm. Rainfall data for 7 raingauge stations have so far been available for estimating the R factor, such as Kamalpur, Chawmanu, Gandachhara, Teliamura, Khowai, Ambassa and Kailashahar. Out of such seven rain-gauge stations only Kamalpur and Ambassa stations are situated within the river basin and the rest are outside the boundary of the basin. In this study, average annual rainfall erosivity (R a ) and seasonal rainfall erosivity (R s ) were calculated using rainfall data ( Table 1 ) of these rain gauge stations for the years (2001 to 2010). R Factors data of these seven stations were imported into Arc GIS and interpolation method was used. In most of the available GIS software includes the inverse distance weighting (IDW), kriging, spline, polynomial trend and natural neighbor interpolation methods. In this study, IDW techniques available in Arc GIS 9.3 were used to interpolate a rainfall erosivity values. The IDW interpolation method was selected because the influence of rainfall erosivity is most significant at the measured point and decreases as distance increases away from the point.
Soil Erodibility Factor (K)
The soil erosivity factor (K) relates to the rate at which different soils erode. The K factor is rated on a scale from 0 to 1, with 0 indicating soils with the least susceptibility to erosion and whilst 1 indicates soils which are highly susceptible to soil erosion by water. The factor is defined as the rate of soil loss per rainfall erosion index unit as measured on a standard plot [50] .
On the basis of the Geo-pedological map (Figure 2(a) ) of the National Bureau of Soil Survey and Land Use Planning (NBSSLUP), Govt. of India Soil Erosivity Index factors (K) were evaluated by the soil erosivity Nomograph [14] , using soil properties like sand, clay, silt, very fine sand, organic matter content in soils, structure type, and the permeability of soil (collected from the technical bulletin on soil series of Tripura and from the laboratory test of soil samples).
Topographic Erosivity Factor (LS)
The topographic factor consists of two sub-factors slope gradient and length of slope which significantly influence soil erosion by surface water movement.
Slope length factor (L) was calculated on the basis of the following method [51] :
where L = slope length factor; λ = field slope length (m); m = dimensionless exponent that depends on slope steepness, being 0.5 for slopes exceeding 5%, 0.4 for 4% slopes and 0.3 for slopes less than 3%. The percent slope was determined for slope longer than 4 m on the basis of the following formulae [51] :     16 : 8 sin 0.50 for slopes 9% S
where, S = slope steepness factor and θ = slope angle in degree. The slope steepness factor is dimensionless. In most of the cases it is found that LS value does not show the proper result of erosion below the slope length of 4 m.
Biological Erosivity Factor (CP)
C is the crop management factor and P is the erosion control practice or conservation factor. Most of the researchers have reported the use of these two factors as different factors when computing for USLE [5] . Some- times, these two factors are also treated together as CP factor. For the present study, the combined CP factor has been used to estimate biological erosivity because majority of area under study is covered by different types of natural vegetation. Moreover, P factor can differ according to the farming practices and the level of conservation practice adopted particularly in the agricultural land. By interviewing the farmers during the field visit, it was found that soil conservation measures are not adopted in the area at significantly. As there is only a very small area has conservation practices in the study area, P factor values are assumed as 1 for the basin.
Results and Discussion
Rain Erosivity (R)
The annual average rainfall erosivity factor (Ra) was found to be in the range of 959.45 to 814.65 t·h ) was observed to be in the year of 2006 when the total rainfall was 1477.7 mm at Kamalpur station ( Table 1 ). In present study area the annual R value gradually decreased towards north from Ambassa (Figure 3(a) ). The average Monsoon and nonmonsoon R factor of these seven rain gauge stations is ranges from 688.08 to 567.12 and 270.44 to 378.97 t·h −1 ·y −1 respectively. The maximum value (852.5618 t·h
) of average monsoon R factor was found at Ambassa station where the recorded average monsoonal (June-October) rainfall was 2063.14 mm. In case of nonmonsoon, the maximum value (378.97 t·h
) was found at Kailashahar station where the recorded average monsoonal rainfall was 845.67 mm. So, there is a spatiotemporal variation in seasonal R factor. In the present study area, seasonal variations of R factors are shown in the iso-erodent maps of spatial distribution of average monsoon and non-monsoon R factors (Figures 3(b) and (c) ).
Soil Erodibility (K)
A detailed table has been prepared to show the relief type, lithology, dominant subgroups, area and the calculated K values associated with different soil types ( Table 2) . Soil type varies from one place to another on the basis of topographical and lithological characteristics. Different soil codes have been determined to designate different soil types on the basis of relief types (e.g. "H" stands for High relief, "SH" for Structural hill and so on). (Figure 2(b)) . The K factor map shows a maximum value of 0.36 with a mean of 0.24 and minimum value of 0.09. In high relief and Denudation hill areas, the K value is generally ranges from 0.09 to 0.16, but in low relief areas like alluvial plains, flood plains an inter-hill valley region, the K value is became high which is ranges from 0.28 to 0.036. The maximum K value (0.36) was found in interhill valley region Spatial distribution of K value has shown in Table 3 . From the study it has been found that very less (<1) K factor was found in only 14.44% of the total area where Major portion (51.65) of the total basin was accounted for K values 0.2 to 0.3.
Topographic Erosivity (LS)
The LS factor in the present study area was found to be in the range of 0.82 to 53. The lowest values for the LS factor were mainly found along the river that flows towards north, because the slope values are very low. The higher (>20) LS factor values were found mainly in the east and west however, the very high LS values (>30) ware found in small areas particularly located in the northeastern Middle Western part (Figure 4) of the where the slope is generally high. From the study, it has been found that very low (<5) LS values ware found in 26.66% of the total area where only 2.73% (Table 4) of the study area was accounted for LS values more than 30. In gently sloping (mainly in flood plains) areas, the topographic factor ranges from 0.83 to 4.79. Moderately sloping area possess topographic factor between 5.08 and 9.76. High and very high topographic factors are noticed in the area of moderately steep to very steeply sloping landforms (mainly hill side slopes).
Biological Erosivity (CP)
The land cover type of the study area has prepared by classifying the satellite data along with intensive ground truth verification with the help of GPS. Five types of land cover/land-uses have been identified in the whole Dhalai river basin, viz., dense deciduous forest, moderately dense forest, degraded forest, Agricultural land and water bodies. Land cover ( Figure 5 ) information was thus available for the basin. The C factor values in the watershed vary from 0 to 0.39. The lower C factor values are seen in the east, west and southern part of the basin where majority of land is characterized by dense to moderately dense forest. However, the degraded forest and agricultural areas which occupy the middle and southern portion have high C factor values ( Figure 5) . Present study revealed that 63.95% of the total study area is under dense to moderately dense forest cover where C factor was reported 0.02 to 0.04 ( Table 5 ). Copyright © 2013 SciRes. IJG Figure 5 . Land-use/land cover map of the study area. The P factor values are determined according to the soil conservation techniques used in the study area. From the field survey no conservation techniques for controlling this excessive erosion were found. There are no data available for identifying soil conservation techniques in the study area. Because no conservation techniques were used in the study area, P factor value was set to 1 for the entire watershed area.
Potential and Actual Soil Loss
After completing data input procedure and preparation of the appropriate maps as data layers, they are multiplied in order to get an estimate of the potential and actual rate of soil erosion. Potential soil erosion expresses the inherent susceptibility of bare soil to erosion as it would be without any protective cover of vegetation. This way it provides information on the worst possible situation that might occur. In present study area, the low potential zone have found in flood plain region where as the high potential zone have found in hill sides steep slope areas (Figure 6) . Actual soil erosion refers to present endangerment, taking into account contemporary land cover and management practices that modify the potential erosion.
In order to predict the annual average soil loss rate in the Dhalai river basin, all parameters of the USLE model are multiplied. Figure 7 represents the spatial distribution of actual annual average soil loss rate of the river basin. The maximum soil loss rate (836 t·h
) occurs at the agricultural field and minimum soil loss rate is predicted to be 11 t·h ) of erosion was found in western, eastern and southeastern parts of the basin where land-use/land-cover is mainly characterized by dense to moderately dense forest. The very high to severe rate (>200 t·h
) of erosion was observed in middle part of the basin where maximum part of the land is under degraded forest or using for agriculture purpose and high value of K factor. In Dhalai river basin only 17.33% of the total land is under comparative low (<50 t·h
) erosion zone ( Table 6 ). Present study revealed that 48.16% of the total study area is experienced with the erosion rate >200 t·h
Actual average annual soil erosion map has reclassified (Figure 8 ) on the basis of average rate of erosion in different sub watersheds in order to identify the most erosion prone sub-watersheds in the basin. The sub watersheds (SW) have been classified into three categories, where SW1, SW2, SW3, SW4, SW9, SW10, SW11, SW12, SW13 are falling in relatively low (<100 tons/ha/ yr) zone and SW5, SW6, SW7, SW8, SW17, SW18, SW19, SW22 are in relatively moderate (100 -200 tons/ha/yr) zone and SW14, SW15, SW16, SW20, SW21, SW23 are falling in relatively high(>200 t·h ) erosion zone. The maximum and minimum average annual rates of erosion have also been calculated of each sub watersheds which has shown in Table 7 . To understand the variation of the rate of erosion, standard deviation of each sub watershed has also been calculated. The maximum (246.88 t·h
) standard deviation has found in SW20, mainly because of variation of land cover and soil ) standard deviation has found in SW4.
To understand the relative importance of different factors, the average parametric value of all factors of all sub watersheds have been estimated and shown in Table  7 . From this table, it is clear that the rain erosivity (R) factor is varying in some extends and ranges from 868.62 to 1116.51. The maximum value was found in Lal chhara (SW23) sub-watershed and the minimum value was found in Joysindhubari (SW1) sub-watershed.
Average K value of different sub-watershed is also not varying in grate extends and it ranges from 0.2 (SW3) to 0.33 (SW22). Average Topographic erosivity (LS) factor of different sub-watershed in this study area is varying from 5 to 24.63. The maximum value was observed in Lampha chhara (SW12) sub-watershed where it is characterized by upper catchment of the basin. CP factor of different sub-watershed also ranges from 0.04 to 0.11. The LS and CP factors are varying in some extend because some sub-watershed are falling in Upper catchment which are showing high slope and dense to moderately dense forest cover and some sub-watersheds in lower and middle portion of the basin shows comparatively low slope and degraded to agricultural land areas.
Conclusions
By assuming no support practice in the study area (P = 1), the annual soil losses (A in t·h ) with respect to the different land-use/land-cover types of the region were estimated as a product of R, K, LS, and C layers. In terms of the land uses, especially the agricultural land and degraded forest cover areas were found to be more susceptible to the soil losses by water erosion than dense forest, moderately dense forest cover areas. The rate of soil erosion has been changed mainly due to the changing of landuse pattern since the rain fall has changed only with slightly. Moreover, rate of soil loss from different sub watersheds is mainly dependent on LS and CP factors. Researchers [52] [53] [54] [55] concluded that traditional USLE method can be used for identifying the areas prone to high level erosion risks. In present study, the result also shows that the USLE is very helpful for estimating the rate of erosion as well as to identify the erosion prone areas in basin. Estimation of predicted amount of soil loss from the different sub-watershed and its spatial distribution can be helpful for suitable management and sustainable land use for the present study area.
However, there is a need to have direct field measurements of soil erosion in the watershed to confirm and validate the results of USLE prediction. Therefore, future works are required for monitoring of sediment load in rivers and measurement of sediment deposition in river and other water bodies that exist in the watershed.
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